1. Introduction {#sec1}
===============

Objective refraction remains an integral part of the refraction process, as it allows a nonsubjective way of estimating the magnitude of refractive errors. Over the years, there is evidence and consensus that objective refraction still does not replace subjective refraction \[[@B1]--[@B8]\]. There are situations wherein subjective refraction is not applicable such as in young children and toddlers \[[@B8]\] and patients with neurological deficits whose subjective responses are not reliable.

There are also situations where the ocular media have obstructions such as cataracts, vitreous hemorrhage, and hyphema which prevent adequate objective refraction results. In such cases, obtaining adequate total astigmatism is problematic. There may be many of such instances where the cornea may be normal and for that reason keratometry readings may be helpful in estimating the total astigmatism. Javal\'s rule attempts this possibility of estimating total astigmatism from keratometry reading \[[@B9], [@B10]\]. However, this rule has been modified by Grosvenor et al. \[[@B10]\] based on evidence from research into a simplified version \[[@B10]\]. Several versions of Javal\'s rule also exist including Sutcliff\'s rule and O\'Shea\'s rule \[[@B10]\]. A common weakness of these modified versions is their relative complexity lending them to less usage in clinical practice \[[@B10]\].

The proponents for the use of Javal\'s rule or the simplified version by Grosvenor et al. \[[@B10]\] highlight its benefits in estimating total astigmatism in patients with problems with communication and senile lens changes wherein retinoscopy and autorefraction are unreliable \[[@B9], [@B10]\]. For instance, some researchers studied the lens as a potential source of astigmatism but found that it was not \[[@B9]\]. However, others found a very small correlation between lenticular astigmatism and cataracts \[[@B9]\].

Elliott et al. \[[@B9]\] reported that Javal\'s rule is of limited clinical value compared to autorefraction and retinoscopy in estimating total or refractive spectacle astigmatism \[[@B4]\]. However, they came to this conclusion after comparing Javal\'s original rule and its Grosvenor et al. \[[@B10]\] version in estimating spectacle astigmatism with subjective refraction refined by the Jackson cross cylinder in their study with findings of other studies which found much more accurate prediction of spectacle astigmatism with retinoscopy and autorefraction \[[@B9], [@B11], [@B12]\]. One could undoubtedly argue that a different conclusion could have been reached if autorefraction and retinoscopy were done in the Elliott et al. \[[@B9]\] study on the same subjects rather than comparing their findings with those of other studies.

In this study, autorefraction and retinoscopy are compared with each other and their agreement with subjective refraction spherical equivalent and total astigmatism. Also Javal\'s original rule, Grosvenor et al. version, retinoscopy, and autorefraction estimation of total astigmatism were compared with subjective refraction to determine which method was the best in estimating spectacle total astigmatism. Furthermore, autorefraction and retinoscopy prediction of the cylinder axis were compared with subjective refraction to determine which method is the best in predicting the axis of spectacle astigmatism.

2. Methods {#sec2}
==========

This was a hospital based cross-sectional study. Participants were purposely sampled. All participants were patients visiting the Komfo Anokye Teaching Hospital Eye Center. Participants were examined at the eye center\'s general clinic by a specialist ophthalmologist or consultant ophthalmologist after which they were referred to the refraction clinic. Participants were included in the study if they had no significant ocular pathology. All subjects had healthy corneas. Informed consent was sought from the participants and each participant underwent thorough refractive assessment.

In order to avoid bias, noncycloplegic retinoscopy was performed by an optometrist who was masked to the results of the autorefraction and autokeratometry findings. Noncycloplegic autorefraction and autokeratometry were performed using the same Humphrey Zeiss 599 autorefractor/keratometer. Humphrey Zeiss 599 autorefractor/keratometer is a reliable and accurate instrument which is commercially available, often utilized in clinical practice and in several clinical studies \[[@B13], [@B14]\]. All subjects underwent subjective refraction with refinement of the cylinder power and axis with a ±0.25 Jackson cross cylinder. Participants who were finally included in the study had their two meridians within 15° of 90 and 180.

After autokeratometry reading, Javal\'s original rule (1.2 (keratometric astigmatism) −0.50 × 90) and Grosvenor et al. modified Javal\'s rule (keratometric astigmatism −0.50 × 90) were used to determine refractive or total astigmatism. Ethical clearance for this study was obtained from the Department of Optometry Ethics Review Committee. All procedures and protocol for the study were conducted in accordance with the tenets of the declaration of Helsinki.

2.1. Statistical Analysis {#sec2.1}
-------------------------

All statistical analyses were performed using SPSS V.21.0 (SPSS, Chicago, IL, USA) statistical package and *p* \< 0.05 was deemed statistically significant. Intraclass correlation coefficients (ICCs) of the various parameters between the right and left eyes were determined, utilizing the recommendation by Armstrong \[[@B15]\] which states "if both eyes are included in a study, the correlation between both eyes should be assessed using the ICC. If the correlation is close to one, then the data from both eyes could be averaged or one eye selected at random for the analysis using conventional statistics."

Hence, in this study if the intraclass correlation between the left and right eyes was ≥0.75 then the right eye was arbitrarily selected for the analysis. The agreement between techniques or methods was determined using the intraclass correlation coefficient and Bland-Altman analysis. If there existed proportional bias, the natural logarithm of the values of the techniques was used in the Bland-Altman analysis. All comparisons between techniques with *p* \> 0.05 for the mean difference are represented graphically by the Bland-Altman plots. Also the kappa statistics were used to determine autorefraction and retinoscopy prediction of the axis of the spectacle astigmatism as determined by subjective refraction.

3. Results {#sec3}
==========

The study included 36 subjects of whom 14 were males and 22 were females. The mean age (SD) for the entire sample was 28 ± 16.5 years. The intraclass correlation coefficients (ICCs) of the various parameters between the left and right eyes are shown in [Table 1](#tab1){ref-type="table"}. All ICCs were greater than 0.75 and hence the right eye was used in the analysis. The 95% limits of agreement and the intraclass correlation coefficient for the spherical equivalent between the various techniques are shown in [Table 2](#tab2){ref-type="table"}. The intraclass correlation coefficients for the spherical equivalent between subjective refraction, autorefraction, and retinoscopy were 0.895 and 0.989, respectively. The mean differences between retinoscopy, autorefraction, and subjective refraction were statistically insignificant (*p* \> 0.05) for the spherical equivalent. The Bland-Altman 95% limits of agreement between the subjective refraction and autorefraction; subjective refraction and retinoscopy; and retinoscopy and autorefraction for the spherical equivalent were −2.84 to 3.58, −0.88 to 1.12, and −3.01 to 3.53, respectively. [Table 2](#tab2){ref-type="table"} presents the intraclass correlation coefficient, mean difference, level of statistical significance, and the limits of agreement within each pair of techniques being compared for the spherical equivalent. All comparisons between techniques showed a mean difference with *p* \> 0.05 which are represented graphically in Figures [1](#fig1){ref-type="fig"}, [2](#fig2){ref-type="fig"}, and [3](#fig3){ref-type="fig"}. The intraclass correlation coefficients between spectacle total astigmatism and the following techniques were as follows: retinoscopy (0.85); autorefraction (0.92); Javal\'s rule (0.82); and Grosvenor et al. version (0.85). The Bland-Altman 95% limits of agreement between subjective refraction and autorefraction; subjective refraction and retinoscopy; subjective refraction and Javal\'s rule; and subjective refraction and Grosvenor et al. version were −0.87 to 1.25, −1.49 to 1.99, −0.73 to 1.93, and −0.89 to 1.7, respectively, for total astigmatism. The 95% limits of agreement and the intraclass correlation coefficient for total astigmatism between various techniques are shown in [Table 3](#tab3){ref-type="table"}. Only the mean difference between "retinoscopy and subjective refraction" and "retinoscopy and autorefraction" had *p* \> 0.05 for the total astigmatism. This is represented graphically in Figures [4](#fig4){ref-type="fig"} and [5](#fig5){ref-type="fig"}. The mean differences between subjective refraction and autorefraction, and Javal\'s rule and Grosvenor et al. modification were statistically significant (*p* \< 0.05). This is presented in [Table 3](#tab3){ref-type="table"}. The agreement between cylinder axis of retinoscopy and subjective refraction was *K* = 0.64, *p* = 0.001 and between autorefraction and subjective refraction was *K* = 0.051, *p* = 0.38. This is shown in [Table 4](#tab4){ref-type="table"}.

4. Discussion {#sec4}
=============

In this study, Humphrey Zeiss 599 autorefractor/keratometer was utilized in obtaining the autorefraction and keratometry readings. This particular instrument has been utilized in several clinical studies and also shown to provide accurate and reliable readings \[[@B13], [@B14]\]. Its test retest reliability (ICC) exceeds 0.95 which makes it a suitable instrument for this study \[[@B13]\].

There was agreement between subjective refraction, retinoscopy, and autorefraction for the spherical equivalent as the mean differences between subjective refraction and either technique were not statistically different from zero. This implies there was agreement between the techniques for the spherical equivalent as further evidenced by the high intraclass coefficient between techniques. The ICC values are traditionally interpreted as follows: ICC of 0.4 indicates poor agreement; ICC from 0.4 to 0.75 indicates fair to good agreement; and ICC greater than 0.75 indicates good to exceptional agreement \[[@B16], [@B17]\]. Also, lower 95% limits of agreement indicate stronger agreement, provided the one-sample *t*-test was not significant for the mean difference between techniques being compared. From [Table 2](#tab2){ref-type="table"}, it can be seen that retinoscopy had lower 95% limits of agreement with subjective refraction than autorefraction for the spherical equivalent. This implies retinoscopy agreed more with subjective refraction than autorefraction for the spherical equivalent. Also, the results indicate satisfactory agreement between autorefraction and retinoscopy in terms of the spherical equivalent.

There was also agreement between retinoscopy and autorefraction for the total astigmatism as evidenced by the statistically insignificant mean difference between the techniques and the high ICC between techniques. This indicates that autorefraction might be a suitable substitute objective refractive technique for a starting point in subjective refraction.

For estimating, total astigmatism no technique had a mean difference that was statistically insignificant except retinoscopy. This indicates only retinoscopy produced total astigmatism that substantially agreed with subjective refraction total astigmatism. All other techniques including autorefraction, Javal\'s rule, and Grosvenor modification did not exceptionally agree with subjective refraction in terms of the total astigmatism. Notwithstanding, all other techniques had ICC greater than 0.75 indicating some fair agreement with subjective refraction. Hence, they may be suitable alternative techniques in estimating the crude magnitude of astigmatism as a starting point in subjective refraction.

Autorefraction seems to have a higher intraclass correlation coefficient with subjective refraction than retinoscopy in estimating total astigmatism. Notwithstanding, the mean differences between total astigmatism on subjective refraction and retinoscopy were not statistically different from zero but those of autorefraction and subjective refraction were statistically different from zero. Though autorefraction had a lower mean difference than retinoscopy, the one-sample *t*-test for the autorefraction was significant because the standard error of mean for the autorefraction was smaller compared to retinoscopy.

The current study findings are consistent with those of previous studies that found agreement between autorefraction and retinoscopy \[[@B18]--[@B23]\]. This study showed that even though autorefraction predicted the magnitude of refraction well, it was not particularly good in estimating the axis of the cylinder. However, retinoscopy had excellent agreement with subjective refraction cylinder axis.

One of the limitations of this study is the relatively small sample size utilized in the study. Notwithstanding, the sample size utilized in this study can be considered adequate since several studies \[[@B24]--[@B27]\] of comparison between refraction techniques utilized smaller sample sizes compared to that of the current study.

In summary, the study showed moderate agreement between Javal\'s rule and subjective refraction total astigmatism. Autorefraction may be an appropriate starting point for subjective refraction but only retinoscopy may satisfactorily replace subjective refraction when subjective refraction is not applicable.
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###### 

Intraclass correlation between right and left eyes for various parameters.

  Parameter                                                    Intraclass correlation coefficient   Confidence interval   *p*-value
  ------------------------------------------------------------ ------------------------------------ --------------------- --------------
  Autorefraction spherical equivalent                          0.934                                0.871--0.966          *p* \< 0.001
  Autorefraction total astigmatism                             0.921                                0.845--9.960          *p* \< 0.001
  Retinoscopy spherical equivalent                             0.929                                0.861--0.964          *p* \< 0.001
  Retinoscopy total astigmatism                                0.962                                0.926--0.984          *p* \< 0.001
  Subjective refraction spherical equivalent                   0.968                                0.937--0.977          *p* \< 0.001
  Subjective refraction total astigmatism                      0.952                                0.913--0.977          *p* \< 0.001
  Total astigmatism by Javal\'s rule                           0.783                                0.562--0.892          *p* \< 0.001
  Total astigmatism by Grosvenor\'s version of Javal\'s rule   0.783                                0.562--0.892          *p* \< 0.001

###### 

The Bland-Altman 95% limits agreement and intraclass correlation coefficient for spherical equivalent.

  ------------------------------------------------------------------------------------------------------------------------------------------------
  Parameter                           Mean difference (standard deviation)   Bland-Altman\             *p* value   ICC (95% confidence interval)
                                                                             95% limits of agreement               
  ----------------------------------- -------------------------------------- ------------------------- ----------- -------------------------------
  Autorefraction versus retinoscopy   0.26 (1.67)                            −3.01 to 3.53             0.348       0.902 (0.809--0.950)

  Subjective versus retinoscopy       0.12 (0.51)                            −0.88 to 1.12             0.157       0.989 (0.978--0.994)

  Subjective versus autorefraction    0.37 (1.64)                            −2.84 to 3.58             0.167       0.895 (0.796--0.947)
  ------------------------------------------------------------------------------------------------------------------------------------------------

ICC = intraclass correlation coefficient.

###### 

The Bland-Altman 95% limits agreement and intraclass correlation coefficient for total astigmatism.

  ----------------------------------------------------------------------------------------------------------------------------------------------------
  Parameter                                     Mean difference (standard deviation)   Bland-Altman\             *p* value   ICC\
                                                                                       95% limits of agreement               95% confidence interval
  --------------------------------------------- -------------------------------------- ------------------------- ----------- -------------------------
  Autorefraction versus subjective              0.19 (0.54)                            −0.87 to 1.25             0.039       0.92 (0.84--0.96)

  Retinoscopy versus subjective                 0.25 (0.89)                            −1.49 to 1.99             0.1         0.85 (0.699--0.921)

  Javal\'s rule versus subjective               0.6 (0.68)                             −0.73 to 1.93             \<0.001     0.82 (0.23--0.93)

  Grosvenor\'s modification versus subjective   0.4 (0.66)                             −0.89 to 1.7              0.01        0.85 (0.6--0.933)

  Autorefraction versus retinoscopy             0.06 (0.62)                            −0.6 to 1.2               0.5         0.92 (0.857--0.963)
  ----------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Agreement between cylinder axis of subjective refraction and that of retinoscopy or autorefraction.

  Parameter                                             Kappa   *p* value
  ----------------------------------------------------- ------- -----------
  Autorefraction versus subjective (exact)              0.051   0.38
  Autorefraction versus subjective (within 5 degrees)   0.107   0.26
  Retinoscopy versus subjective (exact)                 0.64    \<0.001
  Retinoscopy versus subjective (within 5 degrees)      0.64    \<0.001
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